
TrECOII~CAL RiEPORT CGPAI/Yl3~-G1

Se.rn-Annual Technic<IRp~.

Keith A. 01Iýon
Patrick L. 'on&

DOuqigas H. Fwerict

1,100 WI LSON B)U LEVARQ, QSU TE 109 AH ALINGTOt4, VI RG INIA 22203

oo

16



i7

TECHNICAL REPORT CSMI/1 R-83-O'0

Semi-Annual Technical Report:

'Th@ D~wDju@n m p~tmk

by

Kevin F Vest, Keith A Olson, Patrick L Jones, Douglas H Frencn

Accession Fo--

NTIS GRA&I
August, 1983 DTIC TAB

Unawnounra.d
Justif oaicatiz _

Distribution/
Availibiiity Codes

,Avai •and/or
Di4t .'pecial

' Al
Comtul S"ftm Management I.

1300 WILSON BOULEVARO a SUITE IO0
ARLINGTON, VIRGINIA 22209

THIS RESEARCH WAS SPONSORED BY THE DEFENSE ADVANCOD RESEARCH PROJECTS AGENCY UNDER
ARPA ORDER NUMBER 3829; CONIThACT NUMBER MDA903-80-C-01 55, AND MONITORED BY DSS-W
THE VIEWS AND CONCLUSIONS CONTA)NE& IN THIS DOCUMENT ARE THOSE OF THE AUTHORS AND
SHOULD NOT BE INTERPRETED AS NECESSARiLY REPRESENTING THE OFFICIAL POLICIES, EITHER
EXPRESSED OR IMPLIED OF THE DEFENSE ADVANCED RESEARCH PROJECfS AGENCY OR T HE UNITED
STATES GOVERNMENT.,

A



SECURITY CLASSIFICATION OF THIS PAGE (when Data R, nt.'e)": .. ... ... . READ INS CRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER .. 2 GUVT ACCESSION NO.I R ECIPIENT'S CATALOG NUMBER

CSMI/TR-83/01 AD-A,Ž 18 _ 3
4 TITLE (and S..brtl) S. TYPE OF REPORT PERIOO COVER•ED

Jhe Develop-nt and Application of an Advanced Semi-Annual Technical Report
Ccruter-Based Shared-Graphic Workstation for frpro 018-/18

Video Conferencing 6 PERVORMING ORG. REPORT NUMBER

7. AUTtORca) a. CONTRACT OR GRANT NUMBER(@)

Kevin F. Vest, Keith A. Olson, Patrick L. Jones,
Douglas H. French MDA903-80-C-0155

9. PE'AIFORMING ORGANIZATION NAME AND ADDRESS 10 PROGRAM ELEMENT. PROJECT, TASK

ax uter Systems Ianagement, Inc. AREA A WORK UNIT NUMBERS

1300 Wilson Boulevard, Suite 106
lington, VA 22209 ARPA ORDER 3829

I. CONTROLLING OFFICE NAME ANO ADDRESS 12. REPORT DATE6RPA/DSO/ISD September 1, 1983
* 400 Wilson Boulevard ,3 NUMBER OF PAGES

irington, Virginia 22209 29
4 MONITORING AGENCY NAME A ADDRESS(It different from Co4ntroling Office) S,. SECURITY CLASS. (ot this report)

EFL SE SUPPLY SERVICE-Washington ncai.
e Pentagon, Im. 1D245 Unclassified
shington, DC 20310 I DECLASSIFICATION/DOWNGRADINGttention: U. Joiner/697.-6258

16. OISTRIOUTION STATEMEMAT (of this Report)

Unlimaited

I- DISTRIBUTION STATEMENT (of the abstract enPersd in Block 20, it different from Report)

Un~i ui-Led.

12. 99UPPLEMENIARY NOTES

19, KEY WORDS Contlnue on rov.ere aid It necIesary ad identify by block sw )

'hared Graphics Workspace (Sara); real-tine; real-imtion; mercury switch stylus;
ideo teleconferencing; information sharing; virtual space; shared data;

... gieerIng/hardware; ccuruter/software; menu boxes; touch-screen; digital/analoct
-stem; optical disc; low-bandwidth network

20, A93TR ACT (Coartfuued o owa aeemi N tieom n m adw * IEwtiy, by block m~unbuc)

and Control requires making complex and/or emergency decisions in various
ituations. Video teleconferencing has been developed to mleet this need.

eedby using a video based microprocessor, it encopazses a multi-1,Ide., low~
dth five noade configuration. Virtual space ard shared data are the concepts

id this configuration. These developments led to the simulation of a tradi-
•ional conference setting by adding shared information to the multi-node telecon-

exer-m. Shared Graphics Workspace is the resulting effort enabling users to ex-
=q a d gai t d ata I Ith I .i....... y_ M tI r inJinJ

DO I A 47W3 EbI7~bW OF I NOV SIIS OVALeE 'V ~ hSII

SECURIT* rLAASIPICATtON OF TH.1 PAGE (Whom Date EdfbrsQl



SUMMARY

This Semi-Annual Technical Report covers the period from
October 1, 1982 to March 31, 1983. The tasks, objectives and/or
purpose of the project are concerned with the design, aevelop-
ment, dem~onstration and transfer of advanced computer-based com-
mand and control(C2) with special emphasis on video-
teleconferencing and graphics. This report sumnmarizes work in
the area of video-basea microprocessor systems. Emphasis is
placed on the development and experimentation of these systems.
The system encompasses a multi-node, low-bandwidth design which
includes a virtual space, shared data five-iode configuration. A
major portion of the discussion outlines the technical achieve-
ments required to make the system simulate as closely as possible
a traditional conferencing setting. Engineering/hardware and
computing/software discussions are focusea on making the system
useable for a conference. The idea is to enhance discussion and
problem solving through the fast and accurate presentation of
various forms of informaition. A aiscussion of future enhance-
ments concludes this report.
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1.0 INTRODUCTION

This Semi-Annual Technical Report cove_-,s the continuing work

on te design, development, demonstration and transfer of

advanced computer-based command and control (C2) and video

teleconferencing. Previous technical reports cover the research,

p;'ototype development and installat-ion of many of the components

of the video-teleconferencing system. This report, therefore, is

focused primarily t.n the novel idea of the Shared Graphic

Workspace System (S.WS). Conceived by Defense Department offi-

cials ana designed and produced by Computer Systems Management

(CSM) personnel, SGWS enhances the teleconferencing system by

encouraziginc, actual work, not just discussion. The work is done

by sharing information (text, 'naps, datn) and by having the capa-

city to make corrections on the shared information.

The main body of this report discusses the technological

achievements requ.red tc achieve this goal of information shar-
ing. To fully understand those achievements some of the require-

ments of the undertaking will be discussed. Following this will

be a brief survey on some of the work that preceded the current

effort. After the main body of the report, proposed enhancements

will be briefly outlined.

-C



I

1.1 THE RESEARCH TASK

The engineering achievement, the software development and

the general accomplishment discussed in this technical report are

all based or one seemingly simple but extremely important idea:

to enhance information sharing among individuals. Adding com-

plexity to the idea and challenge to the task is that the infor-

mation shared arnong individuals is spoken, "non verbal", illus-

trated and textual. And finally, the information sharing is

placed in a teleconferencing setting. The individuals may be

scattered in a building, throughout a city, across the country or

around the world.

The telecommunications task is to connect the individuals

located in different and often distant offices. The information

sharing component must, obviously, work with the telecommunica-

tions network. The various pieces comprising the information

sharing technology were designed and then tested individually.

These combined pieces were only one node of the communications

network. Once the single node worked, it had to function on the

teleccmmunications network. It is this telecommunications net-

work of information sharing components that is the Shared Graphic

Workspace (SGWS).

2
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1.2 IN..OR..ATION SHARING

The term "information sharing" is used for the conferencing

situation, rather than communication, because communication tends

to suggest only that which is spoken or expressed behaviorally in

the conference setting. By information sharing we ntean not only

verbal and behavioral exchanges among the participants, but also

textual, graphical, video and numerical exchanges. All of these

attributes (verbal, non-verbal, textual, graphical, video and

numerical) of information sharing are subject to the same process

in the conferencing situation, however.

dI

Very simply, the information sharing process follows this

general patterr': the information is presented; its reception is

acknowledged; evaluation of the information begins; changes,

corrections or eliminations are made; termination of the sharing

is achieved. Wvhile this brief list appears straightforward, it

presents considerable technical difficulties. These difficulties

may be illustrated best by posing two questions. How can written

reports be display'ed to the conferencing participants scattered

*around the world? And, more importantly, how can changes,

corrections, illustrations, deletions or additions be made on

these items by any one of the participants and visualized by all

of them? It is the ability to change, correct or modify informa-

tion that is the heart of sharing, not just the presentation of

information.

-3-
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1.3 INFORMATION SHARING REQUIREMENTS

One of the major requirements established at the beginning

ct the teleconferencing project was that the conferencing had to

work during times of national emergency or crisis. It was the

Defense Department's desire to have a conummunications network that

would be operating during these episoaes of chaos and uncer-

tainty. These requirements meant that all communications, audio

and video, had to take place over extremely low bandwidths (like

those needed by telephones). Engineering and computing tasks

followed this requirement.

Another requirement was that the conferencing situation had

to be as nat.ural or normal in operation as a standard meeting.

This meant all participants in the conference had to be

represented individually and that their automated representations

or surrogates had to function more or less like individuals. The

idea behind this requirement was that in times of emergency, the

teleconferencing should be as familiar as possible to the parti-

cipants. The teleconference, in other wcrds, woulc be an island

of normalcy in a turbulent sea. Needless to say, engineering and

computing efforts followed these guidelines.

Although the current work has followed these guidelines,

emphasis now is on the information sharing component of the

teleconference. Two particular requirements determined the

direction taken by both the engineering and computing efforts.

Not unknown in the computing industry the two requirements, which

-4-
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are closely related, are that the information sharing must work

in real time" and "real motion".

"Real time," as is well-known, in simply that the computing

system must work at the same speed or in the same time span as

the actions of its users. For example, if a user is editing text

with a stylus on a touch-screen, the computing must operate in

the same time as the stylus---crossing out a word, inserting

another and circling another. Similar to this and extending the

* example, is that the motion of the stylus as it crosses out,

inserts or circles must also be replicated by the computer as the

stylus is moved by the user. Real time represents the precise

speed of a graphics movement and real motion represents the pre-

cise accuracy of the movement. Finally, real motion must work in

real time.

2.0 PREVIOUS RESEARCH

The current teleconferencing network has as its antecedents

the work completed under the titles of Virtual Space and Shared

Data. The evolution from these ideas to the current network is

similar to most undertakings; ideas are adjusted and refined as

the work progresses; and technical achievements proceed by exper-

imentation and experience. A brief review of the previous techn-

C= ical effort is necessary to trace the evolution of the current

work.

M
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2.1 VIRTUAL SPACES I

Virtual space technology was desigi.-d to follow one of the

requirements stated previously; namely, that teleconferencing

should simulate as closely as possible the structure and process

of a real meeting. Each individual should be able to interact

with others as they would in a meeting. When one person is talk-

ing, the others face that person. When another person speaks,

attention is shifted to that speaker. But each listener, if they

look at other listeners, will see that the others are also facing

the speaker and maintaining "eye contact" with the speaker.

Those familiar with video-conierencing will immediately

recognize the novelty to the virtual space approach. Most

video-conferencing systems do not permit this simulation of meet-

ings. Indeed, most available video-conferencing systems show

only groups of people to one another and miss altogether theI
nuances of intra-group interaction.

To achieve this effect of virtual space, rooms were designed

for one person. Facing the desk in each room are four columns,

each containing a TV monitor that displays a different indivi-

dual, a camera and a loudspeaker. The first stage in virtual

space was a four-station system with the video linked by ordinary

coaxial cable, hardwired between each of the stations. The

current system has five stations and is represented in Figure 1.

A io-6-
i
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The physical design and appearance of the virtual space

videoconferencing system differs substantially from conventional

I systems. Instead of placing all monitors (one for each station

of the network), on a wall, the virtual space design isolatrs

each monitor in its own column or cabinet. In conjunction with

the camera and loudspeaker, the columns become the "conferee sur-

rogate". Another advantage of this approach, in addition to the

visual perspective just mentioned, is that audio is localized to

Sthe individual columns. This permits each conferee to hear the

voice of the individual who is talking, and associate the loca-

tion of the audio with the location of the video.

A major task of the system was to present to each conferee

the nonverbal communications of the others. Since most nonverbal

communications are presented by facial expressions, cameras were

mounted in a permanent position focusing on the face of the con-

feree. While this meant that camera operators were not required,

the significance of this effort (to represent the facial expres-

sions of the conferees), was the transmission of the facial image

over a very small bandwidth: 19.2 kilobits per second or about

1/4700th of the full bandwidth.

To compress the information content of thp image to such a

small (and incidentally a much, much lc-,n cost) bandwidth

required the use of one of the new codecs (coder-decoders), The

codecs in the system are built by Compression Labs, Inc. and use

two dimensional run-length encoding to reorganize the information

in the signal.

0-8-
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The result of this information manipulation is an image that

corresponds to a pencil "sketch" of the individual. The "sketch"

also "lives" as long as the actions of the individual are not too

sudden or dramatic. To capture the individuals' actions, the

transmission rate of frames is approximately seven to ten frames

a second. And the display quality is high; the image is stored

digitally and refreshed at a rate of about 60 frames per second.

Figure 2 offers a comparison of a "sketch" and a photograph.

The audio portion of virtual space has two components. One

component permits verbal communication from each individual to

all other conferees. This "global" component consists of a shot-

gun mike placed in an unobtrusive position and tLe signals are

transmitted over standard leased lines. The second component

permits private conv.ersation between any two of the conferees.

This "local" component consists of an ordinary telephone and

autodialer wired with a cutoff switch to the shotgun mike so that

all "local" conversations are private. Obviously, this component

permits private Conversation, that, in a traditional conference

setting would be confined to the disruptive practice of subdued

;fsecondary conversing.

After numerous demonstrations and constant evaluation, it is

clear that the strength of the virtual space aspect of the

teleconferencing project is its remarkably small bandwidth.

Recall that the bandwidth is only 19.2 kilobits per second

(kbps). This means that even when four -simqltaneous image* are

transmitted out of the room, the total required bandwidth is less

3 • - 9 -
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than 150 kpbs. And this includes telephone quality audio that is

also compressed to 16 kbps. Because a small bandwidth means sub-

stantially less cost, the bandwidth alone makes this system very

appealing; but when the small bandwidth is combined with the

audio and video components of virtual space---and all this is

added to the capability of sharing data---this teleconferencing

system becomes truly exciting.

2.2 SHAREL DATA
I

Shared data, the second key element of the teleconferencing

system, evolved through experimentation and experience. The ori-

ginal telegraphics system, called Telepad, consisted of five

Apple computers communicating with one another in a ring network.

The system provided a menu of options, including five "ink" color

selections, selections of a common graphics database and utility

functions such as "clear screen."

Telepad cost little, but was effective. It proved to be

adequate only when the subject matter did not require a large

volumn of information to be passed among the users, however.

Five colors could be displayed on a 28O x 192 pixel display

screen. While adequate to display very simple charts, graphs and

text, the system was not able to display documents or video.

Finally, the menu displayed to the user was displayed on the

* video monitor. While convenient, the menu, needless to say,

occupied a portion of the limited display area.

After Telepad, an initial Shared Graphic Workspace System

- (SGWS) designed for a low-node full-bandwidth virtual space sys-

tem was developed. Each node contained a black and white TV

S~- 11 -



monitor, a black and white overhead camera, an optical video disc

player and a computer terminal. Data were shared in this tech-

nology by placing material under the camera. Conferees could

poinc at items in the material or write on it and these efforts

were displayed to all the conferees. But this early version dia

not have storage and retrieval capabilities, high resolution or a

color capability. Nevertheless, this fir3t SGWS was easy to use

and indicated the potential of this particular distributed com-

puter graphics system.

In the next stage of development, the SGWS five-node low-

bandwidth teleconferencing system was designed as an all digital

color system to be operated jointly by the conferee and an assis-

tant. Staff support is common in conferences; not only did this

continue to simulate a traditional conference, but the assistant

was the person responsible for searching for data. Also, the

SGWS configuration consisted of a RGB monitor with a touch-screen

and a digitizing tablet. Other equipment in the configuration

* |included a videodisc player, data source interfaces, video

switches and amplifiers, a sync-generation, a frame buffer, a DEC

PDP 11/23 computer and the codecs. Figure 3 displays the confi-

guration.

This is the current SGWS configuration. While the basic

design of the five-node low-bandwidth teleconferencing has been

completed, certain corrections and adjustments have been made.

The discussion now turns to these corrections and adjustments.

1
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3.0 CURRENT EFFORTS

The current work on the teleconfe:rencing project in general

and the SGWS component in particular was driven by

engineering/hardware and computing/software coneiderations. Both

of these considerations have to complement the other; the

"engineering developments would not work to their full potential

S* without computing; and the computing accomplishments would be

merely "interesting" without the engineering component. While

the work on the engineering/hardware and the computing/software

* progressed simultaneously, for clarity each will be discussed

separately. But first is a brief summary of some changes and

adjustments made on the entire system.

A major adjustment during the current effort was cbanging

the SGWS from an all digital system to a digital/analog system.

This was done primarily to obtain high quality color images of

maps. Maps, charts and other graphic information were stor-ud on

an optical disc. These different pieces of graphical information

are "uncerlays" that could be brought up on a monitor with a

touch-screen. The monitor with the touch-screen was mounted hor-

izontally on a mobil pedestal. Also, a stylus was designed for

"writing" on the touch-screen. This combination of monitor and

stylus was designed to replicate pencil and paper. And finally

menu boxes permitted the user to select the color of "ink" flow-

ing from the stylus and choose other commands for information

manipulation.

1
•~- 14 -



3.1 ENGINEERING AND HARDWARE

The brief summary touches on the major engineering accom-

plishments: menu boxes were built; touch-screen controllers were

modified; and a mercury switch stylus was assembled. Most

engineering work was dedicated to interfaci:ig the input controls

and the output functions. For example, pushing the button for

the color red on the menu box and then moving the stylus across

the touch-screen are input protocols that haa to be transformed

into graphical output functions. The color of ink (red) and the

stylus motion by one conferee at one station in the network is

replicated on the monitors of all the other conferees on the net-

work. And recall that this entire sequence (stylus on touch-

screen, input controls and output function) works in real time

and real motion.

3.1.1 Menu Boxes
I2

Tne menu boxes are exactly what their nmaxe state: long,

narrow boxes v.ith eight buttons for different selections from the

SGWS menu. A menu box is displayed in Figure 4. Five of the

buttons are colors (white, red, yellow, green or blue) of the

"ink" that flows from the "pen" onto the monitor page. Because

there are five colors and five stations on the network, each con-

feree can make annotations on the monitor page and the identity

of the annotations will not be confusing (as long as two con,-

Sferees do not use the same color). This is how the SGWS
t encourages work: underlays or other information are placed on the

monitors and the conferees make their corrections in their color

-15-
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via the touch-screen and stylus.

ii

Another capability of the SGWS is also on the menu box con-

* trols. In addition to the five color buttons are three buttons

that control the writing function. At the bottom of the box are

the buttons "next page" and "last page". These two buttons per-

mit the conferee to view a page and then move on to the next page

or review the previous page. In addition, the conferee can write

on the page and the en~tire page (original information and con-

* feree writing) will be saved. The "next page" button will

automatically save the first page and move to the next. Simi-

larly, if the conferee stops using the SCWS on sage three, but

| wants to review previous work at some time in the future, it is

necessary inly to press the "last page" button o retrieve -)ares

one and two. Those pages, with all their annotations, will be

displayed on the monitor. To avoid confusion concerning which

page is being viewed, a page number is constanztly displayed for

reference in the upper right hand corner of the monitor.

The best way to think of the SGWS is as a 20 page electronic

reusable or easy-to-edit notebook. The notebook is easy to edit

for the reasons just mentioned and it ib reusable because of the

"clear writing" button. Located at the top of the menu box, the

clear writing button will erase all writing on the page. The

page itself will remain intact---only the annotations of the con-

ferees will be removed. The SGWS has a second erase capability

but that will be discussed shortly.

10 iIt is important to emphasize that the pages which are saved

3 or edited using the menu box are computer files. The SGWS also

-17-



uses a videodisc player. This allows any video image to be

displayed or annotated on the monitor, but any annotations will

be saved in computer files. Currently the SGWS uses a videodisc

containing 34,000 frames of information. Each one of the frames

can be displayed. It is also possible, using a computer terminal

connected to the SGWS, to type in a name of a place and have a

map of that area appear on the monitor. For example, a conferee

could type in "El Salvador" and a map of El Salvador would appear

on the monitor.

The major capability of the menu box is the editing func-

tion. It can move through 20 pages of information stored in com-

£ puter files and it permits the annotation of these 20 pages (and

the annotations can be saved) or the annotation of the informa-

tion stored on the frames of the videodisc. It is a seemingly

simple component of the SGWS possessing powerful capabilities.
#

3.1.2 Touch-Screen Controllers

Most of tne work involving the touch-screen controllers will

be explained during the computing/software discussion. For now

it is important to know that minor engineering ddju3tments were

made in the touch-screen to enhance the speed and accuracy of any

movement on the screen. Computing plays the major role in meet-

ing the demands of real time and real motion on the touch-screen.

- 18-



3.1.3 Mercury Switch Stylus

To complete the emulation of traditional writing (the hor-

izontal monitor and touch-screen are the surface or "paper" of

writing), an electronic stylus was designed and constructed to be

used as a pen or pencil. Originally built with a connecting

wire, users objected to this as unnatural so a wireless stylus

was developed. Very simply, the stylus is a wooden pen contain-

ing a crystal-controlled transmitter. The transmitter permits

the user to write or erase on the touch screen. Figure 5 con-

tains the design of the stylus.

When the stylus is in the "write" mode the transmitter is

off. Thus, when the stylus is placed on the touch-screen, writ-

ing will appeaz" on the monitor. But when the stylus is in

"erase" mode the transmitter is operational. As soon as the

stylus is turned over, just like a pencil, the mercury switch in

the stylus turns on the FM transmitter. This in turn activates a

* frequency modulator, which sends a signal to the FM receiver.

The FM receiver feeds the detected signal into a tone-

decoder to verify the accuracy of the signal. If the signal is

accurate, the signal is forwarded to the computer as an on/off

swittjh. The computer verifies that the transmitter is on, and

instructs the graphics component to initiate the erase mode, or

to follow the motion of the eraser over the touch-screen and

eliminate whatever inscriptions are under the eraser.

-19-
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The mercury switch stylus is a complex on/off switch.

Nevertheless, its physical appearance and electronic function are

designed to make it familiar, and therefore usable, to those

prospective conferees who may not be accustomed to workirng in

such an automated environment. The stylus, like the touch-

screens, menu boxes, and all the other machinery (videotouch

players, monitors, codecs, and computers) must work accurately

and quickly with all the other components. Computing and

software coordinate the various components and make them work in

real time and real motion.

3.2 COMPUTING AND SOFTWARE

Computing and software development for the Shared Graphics

Workspace (SGWS) is divided into the application of the software

to each graphics node and the networking or linking together of

the five nodes. Each of the nodes has to work: the input/output

functions; the save and store or next-page/last-page; and the

capability of displaying various types of information from the

computer files or videodisc. All of this has to function indivi-

dually on each node. Then all the nodes have to work quickly and

accurately on a low bandwidth, and therefore lower speed, net-

work.

3.2.1 Applications

Two major achievements permit the fast and accurate opera-

tion of an individual gi:aphics node. This first achievement,

made possible by advances in hardware techniques, is the
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modification of the UNIX operating system drivers for Direct

Memory Access (DMA). DMAs are hardware techniques for moving

information to or from memory from or to the input/output (I/O)

device. Generally, information transfer of this type requires

regulation by the central processor. This regulation slows down

the movement of information between memory and the I/O device.

The DMA technique requires the central processor only to initiate

and terminate the process. While information is moving from

memory to the I/0 device, and back again, the central processor
t is available for other tasks.

For the application on the SGWS using a DEC PDP 11/23 com-

puter, existing drivers (programs) incorporating DMIA techniques

had to be almost totally rewritten to accomodate the need for

contiguous file handling and extremely fast I/O. At this time,

* the speed of the information transfer from memory to the I/O dev-

ice is the maximum available. Hardware adjustments must be made

to make the system run faster. The significance of this complex

- effort is that the user waits only one second, rather than five,

for a new display on the monitor. Given the current hardware

constraints, this is as close to real-time as possible.

Because the operations of the entire system are never

observed by any one user, the significance of this achievement

may be overlooked. Nevertheless, the user is the individual who

starts the entire process, by requesting this system to display

images or information and then waiting a few seconds to see the

initial request. In the span of those seconds the DMA technique,

as designed by CSM personnel, has the central processor along

with memory and I/O devices working simultaneously to present to
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the user an accurate image which can be refreshed at a very high

speed.

The second major achievement also pertains to speed and

deals with the touch-screen controller mentioned earlier. The

touch-screen controller is part of a graphics system. Man'y

graphics systems are now obtaining real time capabilities through

advances in hardware techniques such as DMA interfaces, dual-

ported memory and dedicated graphics processors. Despite these

t advances a major problem remains. The various input deviceL

(touch-screens, bit pads and joysticks) do not sernd data to the

central processor in formats acceptable to the graphicb proces-

r sor. This means that all the manipulations necessary for the

correct graphical representation must De executed each time the

coordinate pairs of the representation are changed. This process

adds considerable time to the graphics processor, thus diminish-

ing its real time attributes.

The achievement, therefore, is the moditication of the

software for the touch-screen to eliminate the need for the for-

matting manipulations by performing the formatting within the

controller. The software modification does not repeat redundant

coordinates and only requires one to four bytes to be sent to the

central processor for each coordinate pair. Vastly improved

speed is the result of this modification. Prior to the modifica-
C

tion, plotting speed was 80 coordinates per second. After the

modification, the plotting speed increased from 160 to 500 coor-

dinates per second---or an improvement of 100 to 500 percent.

C
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An additional value of this modification is that the output

of the formatting is Tektronix Plot 10 compatible. A great

number of graphics processors use the Tektronix standard, making

the software modification more readily transferable to other

graphics processors.

3.2.2 Network

With the completion of the applications work for each node

of the network, the task was to make the entire network function.

The basic problem was to take the information coming in from any

node of the network and then sending it out to all the other

nodes of the network. Most of the work for the network had been

completed during earlier phases of this project, so the current

effort was allocated to simply making sure the network operated

correctly. Several caveats are in order, however.

First is that the network is low-speed. While this appears

initially to be a disadvantage, the network is highly configur-

able and will work anywhere where there are telephones. This

means that the entire network can work with computers and modems

with auto-dialing capabilities. Second, the current network has

been tested using five nodes, but it will function with a total

of eight nodes. Ana finally, the typical configuration is a-

local-area network or a network that is "hard wired" together.

Advantages of the local-area network is that it by-passes modems

with auto-dialers and can be used in the same building or in

offices of close proximity. But this typical system is not as

configuable as the wide area low-bandwidth network.
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3.3 ADDITIONAL INFORMATION AND ENHANCEMENTS

Closing out this section on current efforts are some minor

but nevertheless interesting accomplishments. One is that it is

possible to place information on the network from a word proces-

sor. Since many offices use word processors, being able to move

information from the processor to the network is convenient ana

saves duplicating effort. Another is that electronic information

stored on other networks, such as The Source or Telnet, may be

loaded onto the network. Virtually any type of electronic infor-

* mation that cav be accessed by telephone or easily transferred

can be shared by the users on the network.

Two other enhancements were placed on the current network.

One is that all text was white on a black background. This was

changed to black text on an amber background. The other was that

when the videodisc was moving between pages, the monitors would

flicker while waiting for the change. The enhancement of this

was to place a blank "page" between the video disc images, thus

eliminating the flicker. Both of these enhancements were

designed to make viewing much easier and more pleasant for the

user.

CY
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4.0 FUTURE ENHANCEMENTS

A major characteristic of research and development work is

that it continues: new ideas emerge from the experience; refine-

ments are made as insight accumulates; and enhancements extend

the utility of the product. The Shared Graphics Workspace and

its low-bandwidth network are not immune from this trait of tech-

nological innovation and production. The enhancements to be dis-
I-

cussed briefly continue the effort and hopefully will make the

entire telecommunications system even more useful.

One of the future enhancements is to increase the storage

space on the re-usable notebook (the computing file) from 20 to

132 pages. The benefit of this enhancement is obvious: larger

or several different documents can be placed in the system.
Another enhancement designed to make the system more efficient is

to automate the back-up procedure of the information on the sys-

tem. Automation of this important computing procedure further

reduces the chance of losing valuable information. Further aid-

ing the user is the design and implementation of menus for brief-

ing preparations. Clearly, this will help the user's organiza-

tion. Mentioned briefly in the previous section, another

enhancement is the installation of a remote access modem to make

connection tc other networks (e.g., The Source or Telnet) easy

and fast. While these connections are possible now, they are

somewhat cumbersome.
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Two final enhancements are worthy of special attention. The

first enhancement is to place information stored on a written

SI page onto the network. The significance of this enhancement is

far reaching. Written pages will not have to be re-entered in a

word processor and then transferred to a node on the network.

Instead, traditional (printed on paper) pages or reports will

simply be copied by a copy machine. The resulting copy, instead

of coming out of the copy machine, will be placed on the network.

This enhancement snould aid the transition fron traditional
3

offices and cornerencing to electronic paperless offices and con-

ferencing.

The final, for the time being, enhancement is a voice store

and forward capability. This enhancement is analagous to a tape

cassette. The speaker can make a presentation for the network,

store it, and then forward it to all the other conferees. The

listening conferees are then able to receive the speaker's

presentation at their leisure. This is another enhancement that

personalizes communication among individuals who are scattered

across the country or around the world and separated by time

zones.

5.0 CONCLUSION

The main intent of this report has been to outline the

technical achievments of, primarily, the Shared Graphics

WQrkspace (SGWS). Recall that the major requirement of the SGWS

4 •was that it resemble as closely as possible traditional work

tools such as pen and paper. This requirement meant that all
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engineering and computing capabilities had to work in real time

and real motion. Given existing hardware and software con-

straints, the engineezing and computing efforts met the goal of

working in real time and motion. In this sense, therefore, the

technological work on the SGWS must be termed successful. But

the success of this work extends beyond the technological

achievement.

The real success of these technological achieve.,ents is the

* close adherence to the true purpose of a conference. Information

is shared, work is done, and decisions can be made---just as in a

traditional conference. The technology permits face-to-face con-

tact, verbal and non-verbal communications and the presentation

of text ana graphics. The structure and process of a conference

are represented by the concept of virtual space, and the function

of a conference (to exchange and correct information) is made

possible by the Shared Graphics Workspace.

It is no small accomplishment to replicate via state-of-

the-art technology human interaction and behavior. It is an even

greater accomplishment to use technology to promote human

interaction. The real value of this technology, therefore, is
its capability for promoting the work necessary for the comple-

tion of group tasks and decisions.
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